Introduction
There are many Lean approaches implemented in manufacturing industry in order to quantify equipment utilization and also the lean wastes like idle and waiting time. However, all of these elements in actual life are directly and indirectly affected by customer demand, which is neglected in Overall Equipment Effectiveness (OEE) and also in most of other Lean practices. Different knowledge of customer demand especially at the stage of production planning and their consequences on the availability or equipment utilization should be quantified. This is important because equipment with demand from various product mixes will normally contribute to frequent changeovers, which will negatively skew the availability or equipment utilization of the machine. Many invisible issues and uncertainties (worry) in manufacturing exist in production even though manufacturing companies employ continuous improvement (Lee et al., 2013) . The invisible uncertainties include the fluctuation of market and customer demand as well as the Teoh, Ito and Perumal, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) scraps and reworks that disrupt normal production planning and scheduling.
Therefore, the objective of the study is to examine the consideration of customer demand in the implementation of Overall Equipment Effectiveness. As mentioned previously, the demand consideration which is invisible under OEE has to be proven and examined in term of product such as the amount of production and waiting time spent by each entity. This signifies the potential overproduction or shortage in fulfilling customer demand as well as the possible delay in delivery of product or Work in Progress (WIPs) to their customer site. OEE is computed under variation of production rate with respect to customer demand and is compared to examine if the aforesaid measures in term of products are considered.
In addition to that, the impact of one process onto another process of which it connects with is another hot topic to be discussed from time to time. This is because the problem in job scheduling happens when a company could not determine when an operation is to be performed, or when work is to be completed due to the blocking of materials or work in progress in bottleneck process. All of these are the elements disturbing the flexibility in production operations, full utilization of men and machines, and also the coordination between men and machines (Mugwindir et al., 2013 ). This will lead to the sub-optimization of equipment performance and therefore tighter capacity because of slower production pace. The planning factor of OEE which is defined as the ratio of total production planned over the maximum capability can be implemented and quantified as the solution of the issue (Puvanasvaran et al., 2014a) . It is obvious that the planning of production is one of the reasons contributes to under-utilization of equipment in addition to the existence of connection between processes.
Connection between processes or the interrelationship could be observed whenever the scope has been extended up to the scale of the entire production line. The equipment utilization of a process will be seen to be affected by its precedence processes. This is true when the precedence process is the bottleneck process with tight capacity, and the quality level of its production is sometimes less taken care of or even sacrificed. The resulting rework will further contribute to tighter capacity on its customer process due to delay propagation and this loop will keep repeating if the customer demand is still neglected in any Lean practices. The impact of one bottleneck process on all the other inter-connected processes can be minimized via better resource management and integration between processes. Teoh and Ito (2015) mentioned that mishandling of customer demand during production planning stage will contribute to different condition of capacity. Most of the Lean practices especially OEE focuses only on single equipment or process and this should be resolved to prevent the effect of tight capacity from spreading out throughout the production line.
These issues leads to the second objective of this study which is to reveal the interrelationship between processes within the same production system. This aims to examine the impact of one process onto its customer processes that it connects with. Importance from the revealed interrelationship is to show that the lack in effectiveness of one process is not necessarily because of the inefficiency of its own. Sometimes, the improvement or optimization of one process could only be achieved by making essential adjustment onto another preceding process. In other words, the entire production system should be treated as a unity with connection to each other rather than individual processes to be monitored separately.
On the other hand, high utilization of equipment during low customer demand-period is not encouraging since it is just replacing a waste of low unutilized resources with another waste of high inventory level. This could be opposed to the concept of OEE which pursues for full utilization of equipment. Lean manufacturing is most frequently associated with the elimination of seven important wastes to ameliorate the effects of variability in supply, processing time or demand (Shah and Ward, 2007) . In the effort on minimizing the wastes, quantification and performance measurement is a fundamental principle of management because it identifies performance gaps between current stage and desired performance and therefore provides indication of progress towards closing the gaps (Samad, Hossain, & Major, 2012) . From the perspective of customer demand, the concept is applicable especially in minimizing the gaps between production quantity and customer demand to avoid lean wastes such as high level of inventory ad lengthy waiting time of materials within production system before being delivered to customer site.
The lack of direction of planning and adequate project sequencing had been observed in the study by Bhasin and Burcher (2006) . These are normally due to lack of knowledge about customer demand or production planning based on estimation of demand. Planners tend to feed more input or material into the production line without the deep knowledge about the customer demand in order to meet the unknown customer demand. The emphasis of customer demand is therefore important to be used as the quantification of process with constant cycle time in order to enable the agile adjustment of production planning without leading to high level of inventory (Puvanasvaran et al., 2013) . Teoh, Ito and Perumal, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) In section 2, literature review will be presented to identify the limitation of current situation and also to support the design of analysis in this paper. Methodology is proposed in section 3 which explains the procedures taken for the data collection and establishment of simulation model. The results obtained are interpreted, further analyzed and explained in section 4. At last, conclusion is recorded in section 5.
Characteristics of equipment utilization without consideration of customer demand and inter-relationship between processes
Overall equipment effectiveness (OEE) indexes machine stands in comparison with an ideal machine which always runs at full speed and capacity at the same time produces good quality products (Rouhani, 2009 ). However, as Liker (2004) stated about how organization should implement the lean process management, there is no exact definition for a fully lean organization. Production system should be elevated to global standard in terms of quality, productivity and the others as the prerequisite to grab market opportunity (Samad, Hossain, & Major, 2012) . The practice of improving the OEE can be done by looking into the availability, performance ratio, as well as quality ratio which are responsible for three main losses as below: a) Down time losses are sub-divided into equipment breakdowns, setup and adjustment stoppage. b)
Speed losses which can be found as idling, short-term stoppages and startup/restart losses. c)
Defects or Quality losses which are everything about scrap, rework and startup losses. The idea of OEE implementation is to make sure a particular equipment works as it should be working always and producing as much as it is supposed to produce. One cannot accept that it is producing less than anyone else having the same equipment and one should always seek for the best performance and most of the time the relationship between performance and cost involved in sustaining a certain OEE level is not considered. (Terry Wireman, 2004; Lee et al., 2013) . This seems to be inadequate to pursue for ideal situation because one of the main targets of manufacturing companies is to generate profits from the production itself. Besides that, this could be inappropriate in manufacturing environment of nowadays because traditional Overall Equipment Effectiveness (OEE) only provides the status of production efficiency (Lee and Lapira, 2011) . There are other aspects to consider such as the delivery performance and also the performance measure in term of entity or material to ensure better production.
On the other hand, Just In Time (JIT) promotes the production in right quantity at right time in order to avoid overproduction. It can be said that the traditional OEE and JIT concepts were against each other because JIT promotes inventory at minimum level whereas OEE approach had neglected the inventory level of product by ignoring the customer demand. Therefore, OEE should be evaluated from different perspective to consider customer demand and its corresponding impact. Barletta et al (2014) had quantified OEE in term of energy efficiency and usage and its result shows that there are various ways to interpret OEE approach in accordance to the objective of manufacturing company.
The core elements of lean philosophy could be linked to ISO 14001 in a joint Lean Environmental Management Integration System (LEMIS) model, the inputs and outputs of the model, and the expected outcomes (Puvanasvaran et al., 2014b) . Same should be done in quantification of OEE by putting both of the high utilization of equipment as well as customer demand into consideration to minimize the inventory level as the main expected outcomes. This is important to consider both especially during low customer demand-period because traditional OEE is just replacing a waste of low utilized capacity with another one in term of high inventory level. This has necessitated the incorporation of customer demand in OEE in order to minimize the trade-off relationship.
In addition, the relationship between customer demand and equipment utilization should not be neglected in any manner. Similar study had been conducted by Gansterer, Almeder, and Hartl (2014) . In that, the setting of three parameters which are safety stocks, lead time and lot sizes had been planned in favor of customer demands and free capacity. Besides that, Colares (n.d.) had in a study mentioned that there is trade-off exists between capacity utilization and service level such as key people from sales, marketing, production and operational planning areas. Demand management and capacity management have to be implemented in order to minimize the aforementioned tradeoff. These two studies had highlighted the importance of customer demand in production planning and even Lean manufacturing. Therefore, pursuit of high equipment utilization should be promoted if and only if the customer demand has been taken care of especially in those industries affected by cyclical demand. This is especially important for production planner to understand the demand before doing something on promoting the continuous running of equipment, which necessitates the comparison of OEE with customer demand fulfillment.
In order to consider both of inventory level and equipment utilization for Lean manufacturing, it is the necessity to incorporate customer demand in OEE via Takt time concept (Puvanasvaran et al., 2013) . Comparison between Takt time and the machine availability serve as the quantification of the possibility to achieve a particular demand from the interpretation of historical OEE data. This has shown another usability of customer demand in OEE because it could examine equipment capacity or availability before accepting new order. The only option which enables a company to receive more orders from customer, besides purchasing extra equipment via capacity expenditure (CAPEX), is to increase the efficiency of utilization of equipment or availability in OEE itself. This encourages the pursuit of effectiveness improvement on production planning to ensure more free capacity in the future by understanding the customer demand so that less material and capacity are required in achieving the demand. However, the study did not analyze the response of entity such as waiting time spent and delivery performance which is caused by the exclusion of customer demand in OEE.
In fact, customer demand nowadays consists of multiple product packages with different process parameters. This makes the concept of On Time In Full (OTIF) is getting more concerns. Maximal loading of material per each production is based on the knowledge of the market because the handling of customer demand in different way will lead to different planning of production (Teoh and Ito, 2015) . This will further contribute to different condition of capacity. In ideal case, increase in the loading of the equipment up to its maximum capability could promote the utilization of equipment because setup and adjustment time will increase accordingly with number of product mix in manufacturing company and this will adversely affect the OEE value (Puvanasvaran et al., 2014a; Mileham et al., 1997) . Consequence of that, it is necessary to improve the productivity of a manufacturing organization regarding to different market and product mixes (Hilmola, 2005) .
However, the lack of direction in planning and adequate project sequencing (Bhasin and Burcher, 2006) should be resolved to optimize the entire production. This happens when the utilization of equipment at different manufacturing sections are maximized but are not integrated to each other in lean way. This contributes to idle time and waiting of entity which stays between manufacturing processes even though every equipment is having high OEE. This is improper to focus only on single process or equipment but not treating all processes as a whole entity. This is because the performance of single equipment in a production is generally influenced by the performance of other systems to which it is interconnected (Cesarotti, et al., 2013) . The relations between processes is one of the grey area of OEE implementation which focuses on single equipment only.
The relationship between historical equipment utilization and the availability of a particular process in the future to accept new customer demand should be studied for a more reasonable production planning and even improvement on availability of the entire production in the future (Puvanasvaran, et al., 2013) . In other words, reference to the equipment utilization of a bottleneck process, which is the process with critical capacity, is relevant and necessary for the production planning of other processes in the same production line. This is because the bottleneck process determines the production pace of the entire production line. The concept of relations between processes is similar to the point of view from Munirathinam and Ramadoss (2014) which states that the inefficiencies of a single piece of critical "bottleneck" process equipment can have a negative economic impact for an entire production line, which should be the aspect to be studied thoroughly.
Data collection and simulation on a production line
An aerospace part-manufacturing company was selected as the subject of study and time observation was carried out to acquire real data. There is a production line within the company which consists of five processes denominated as Process A through E in sequential order. The aforementioned real data includes the time data such as the cycle time of each process; the number of equipment and man power available for automated and manual processes respectively, as well as the working hours per day and working days per month were acquired from the production line. Stopwatch has been used in the time observation to obtain the time data of the manual processes like Process A and C whereas the time data of automated processes like Process B, D, and E are obtained from computerized system embedded within the equipment. Site observation and time study were carried out in the company for two months to ensure thorough understanding of the production system and reliability of the time data. The data obtained is summarized as in Table 1 below: Vol.11, No.5 (2017) The unit required per production is varying from one process to another as shown in Table 1 . From the site observation, it is known that the capacity and capability of each process determine the value. By taking the manual processes like Process A and Process C as the example, they require at least 10 man power to perform the operation in their respective process. On the other hand, the automated processes like Process B and E require only 0.75 units of equipment per production. This is because they are capable of processing one complete set of product per operation by using only 75% of their equipment capacity and capability. In other words, the capability of Process B and E enables them to process 1.3 sets of products per each production. Therefore, production planner in the factory would assign the excessive 25% of capacity per each operation for the next batch of product to promote better utilization of equipment.
Simulation model is established to mimic the production line based on the data acquired. During the site observation, the inter-arrival time of each pair of successive materials are recorded and the plot of its occurrence against varying iter-arrival time is found to be distributed exponentially. Therefore, the average of inter-arrival time for incoming materials is set to be 24 hours and exponential distribution is used in the simulation model. This is reliable amidst the randomness of the demand from the external customer and also the highly variable readiness of raw materials which are required for the production. On the other hand, the recorded service time of all processes are distributed triangularly. From the observation, the cycle time of each process is fluctuating within the range of minimum and maximum values as in Table 1 where most of the time they are performing at the duration around the mode value. All of these parameters are used in the architecture of simulation model to represent the actual condition of the production system. As the conceptual model to represent the production system, the fixed capacity available in each process are as shown in the Table 1 and equipment utilization should not exceed the maximum level. On the other hand, the operation could be carried out if and only if the non-operating unit of equipment in that particular process reaches the minimum unit required per production as shown in Table 1 . In other words, at the moment Process C is busy performing its operation, the next batch of incoming materials has to wait in the queue because the balance of 2 units is not capable of performing additional operation which requires at least 10 units. All of these are the basis of the materials flow and mechanism of simulation according to the actual condition.
Aside of the actual interval time of 24 hours, the inter-arrival time of incoming material are also simulated to be 18 hours and 12 hours in other scenarios. This is to represent the variation of production rate in pursuit of higher utilization of equipment in certain cases. Despite the varying production rate planned in each scenario, their demand rate required by external customer is the same at around 26 sets. This differentiates the production rate (inter-arrival time of incoming materials) from the demand rate required based on the reason that some production planners schedule their production in favor of high utilization of resource regardless of the demand required. In short, inter-arrival time at 12 hours represents the scenario with the most frequent production rate because the duration between two successive materials is the shortest.
Throughput and equipment utilization are observed at all processes under three scenarios. This is to examine the system response with respect to production planning. The impact of production planning and understanding of customer demand onto the effectiveness of production system could be revealed from the variation of resulting throughput and equipment utilization. The same measures of system response had been compared by Aqlan, Lam and Ramakrishnan (2014) who used simulation to examine the consolidation of production line.
In addition to the study of production rate with varying inter-arrival time, the capacity available or number of equipment has been changed in separate scenario to examine the existence of relationship between processes. Bottleneck scenario is introduced by reducing the number of unit available in Process B, under the scenario with Teoh, Ito and Perumal, Journal of Advanced Mechanical Design, Systems, and Manufacturing, Vol.11, No.5 (2017) inter-arrival time of 24 hours, from 2 units as in Table 1 into only 1 unit. This is to increase the equipment utilization of Process B to critical level and the resulting changes in system response at other processes are examined. In order to ensure fair comparison, the cycle time and inter-arrival time of incoming materials are the same. In short, the parameters for both of actual and bottleneck scenario are summarized in Table 2 below:
The system response in term of waiting time per entity and total lead time are studied so that the interrelations between processes, if any, could be revealed by examining the connection between system response and response of material. In addition to the availability ratio or equipment utilization, the performance ratio are computed and compared under varying demand arrival time. Moreover, the computation and comparison of availability ratio and performance ratio are also done for both bottleneck scenario and normal scenario. It is believed that the visibility of all the aforementioned system response and hidden wastes in conventional OEE could be highlighted.
Result and discussion
The first result to look into would be the availability ratio or equipment utilization of all processes under different inter-arrival time of customer demand. The varying inter-arrival time of customer demand represents the difference in knowledge about the demand, planning efficiency and different emphasis of managerial policy such as pursuit of maximum utilization of resources or Just In Time (JIT) manufacturing. The accumulated value-added time (VA time) of each process under different interval time of customer demand, i.e. Expo(24), Expo(18) and Expo(12) which represent exponentially distributed 24, 18 and 12 hours of production rate respectively, is summarized in Table 3 . Equipment utilization or availability ratio is defined as the portion of VA time at each process over the maximum time available for production based on the data in Table 1 According to definition of OEE, higher equipment utilization or availability ratio is preferred because it usually means that there is smaller portion of lean waste in term of unutilized resource than those with lower availability ratio. Therefore, the production scenario which plans at the rate of one set after every 12 hours of interval time yields highest The parameters for scenario in study the existence of inter-relationship between processes.
availability ratio than the interval time of 18 hours and 24 hours. At first glance, it is recommendable to plan the production rate at the interval time of 12 hours to obtain the least unutilized resource as per evaluation of OEE. However, note should be taken that customer demand has not been considered by the availability ratio of OEE. In contrast to the full utilization or least portion of idle resource as pursued by OEE, fulfillment of customer demand is equally crucial for the survival of a company. At one end, full utilization of equipment at one process does not necessarily guarantee that customer demand could be fulfilled due to capacity constraint. At the other end, excessive utilization of equipment with respect to customer demand could lead to high inventory level and lengthy queue. Therefore, the throughput at each process is examined under different interval time of production rate as in Table 4 to examine if the availability in Table 3 could correctly represent the actual condition of production planning. In prior to that, the customer demand of the product is 26 sets per month as requested by external customer and this is the reference of comparison with production output. In addition, performance ratio is calculated using the formula as below:
Performance Ratio = (Amount of Output x Minimum Cycle Time)/(Accumulated VA Time)
Process
Output (Set) Performance Ratio (%)
Expo ( It is possible to yield the accumulated Value-Added (VA) time and therefore its resulting equipment utilization and amount of output up to two valid decimal places as in Table 3 and Table 4 . First of all, even 0.01 unit of hour or 36 seconds are possible to be tracked out and recorded during time study via both stopwatch and computerized system. Furthermore, such duration as this is adequate for the operator to perform certain simple preparation works during internal and external setup which would also result in variation of VA time. Consequence of that, the computed equipment utilization is detailed up to the level similar with VA time. On the other hand, the output is recorded based on its completion progress by the end of the cut-off period during site observation. By taking the scenario of exponentially distributed inter-arrival time of 12 hours, Expo (12) for instance, the output of Process A is 87 sets completed and only 70% of the 88 th set is completed. The rest of the 88 th set are being processed in Process A by the end of the cut-off period like the end of the month and they will be recognized in the next period once they are completed.
From Table 4 , the output at Process E suggests that final production amount by the end of production system are almost the same, at around 27 sets, regardless of the interval time of production rate scheduled. However, whenever the output of each individual process is compared with the customer demand of 26 sets, the issue of excessive production amount could be highlighted immediately from Process A through D. This proves that implementation of OEE without consideration of customer demand has tolerated with severe overproduction especially in pursuing full utilization of equipment. From Table 4 , the production rate at 18 and 12 hours of interval time lead to the overproduction of around 50 and 61 sets at maximum. Therefore, it is not practical to pursue for high availability in OEE without any reference to customer demand because sometimes it would lead to hidden waste in term of overproduction.
The main point of the simulation results as shown in Table 4 is to prove that same amount of demand could be fulfilled using relatively less resources via more optimal planning method and better knowledge about demand. Higher availability ratio in Table 3 is meaningless but an evidence that shows that excessive resources had been incurred in order to complete a particular job. This should be avoided because faster production pace than the required customer demand will lead to overproduction, lower agility or flexibility due to less free capacity. On the other hand, the performance ratio as computed in Table 4 posts no improvement despite the hike in output under faster production pace. This is because the deviation between ideal cycle time and actual cycle time which contributes accumulated VA time remains constant for the processes in the established and stable production system regardless of variation in production rate. Consequence of that, the almost-no-change performance ratio implies that the excessive production with respect to customer demand stays invisible under OEE measure. In fact, the consequence of overproduction such as increase of waiting time and lead time spent by each entity within production system have worsen at larger extent that OEE measure could quantify. This is proven by the fact that the unchanged performance ratio in Table 4 and the improved availability as in Table 3 could not reflect the actual condition of overproduction. The waiting time and lead time spent by each entity at all processes are shown in Table 5 .
Waiting From the result in Table 5 , both of the waiting time and lead time spent by each entity post increasing trend whenever the issue of overproduction is getting severe from 24 hours of interval time to 12 hours of interval time. It is reasonable to highlight that the faster-than-required production pace has adversely affected the delivery performance of output to the customer site due to the increase of waiting time and lead time. In addition, the increase of equipment utilization as shown in Table 3 is the contributor of lengthy waiting time whenever the production pace is getting faster. In other words, entity has to wait in the queue for its next operation because the possibility for it to meet the busy equipment is higher when the production pace is faster. Note should be taken that even though the availability of Process E remains at 68%, however, the waiting time and lead time of entity are increasing along with the faster production pace. In this case, this is due to the upper limit of capacity has been achieved in Process E and it is unable to utilize more portion of the equipment due to the capability of the Process itself. Consequence of that, the entity has to wait in the queue due to the unavailability of resources.
At this stage, it is clear that the availability and performance ratio of OEE could not highlight the hidden wastes like overproduction, waiting time and lengthy lead time result from inefficient production planning. This is because the OEE is lack of the consideration of customer demand and relations between processes. The existence of relations between processes refers to the circumstance where performance of one process could affect performance of other process that it connects with. In order to visualize and quantify the relations between processes, bottleneck scenario is simulated so that the system response could be examined and compared once again. The capacity available in Table 1 is adjusted by reducing the number of unit in Process B from 2 into 1 unit whereas rest of other processes remain the same. Under the same production pace with interval 24 hours, the corresponding system response is summarized and compared among the actual and bottleneck scenario as below: The data in Table 6 has proven the existence of relations between processes because performance of Process B has led impact to Process C through E. First of all, it is legit to know that the total value added time could be provided by equipment in Process B has decreased when the unit available is reduced from 2 units into 1. Since the maximum capacity could be afforded by Process B has decreased in bottleneck scenario, this has contributed to the decrease in output and therefore the decrease in both input and output of all its customer processes. Consequence of the reduction of output in Process B, the value added time and waiting time of Process C, D, and E decrease drastically in bottleneck scenario because all the jobs are blocked in Process B. This could be seen from the higher waiting time of Process B in bottleneck scenario because of capacity constraint. Interpretation of the data in Table 6 alone could immediately tell the story about any change in performance of all processes whenever one of the processes has been adjusted. In order to examine the visibility of the so-called relations between processes, OEE is compared in term of availability and performance ratio between actual and bottleneck scenario as in Availability of Process C, D, and E have reduced drastically even though the number of equipment available remains the same in both scenarios. Based on the definition of the availability in OEE, reduction of availability could be due to the idle status or longer waiting time of equipment. This is supported by the reduction of output in Process B, which is the input of its following customer processes. In order to increase the availability ratio, frequent production rate has to be scheduled in those aforementioned process. However, this is impractical because the customer demand requires only 26 sets per month. In bottleneck scenario, the reduction of availability in Process C, D and E are not because of their own responsibility but due to the blocking phenomena in Process B. In other words, the fluctuation of effectiveness in one process is sometimes caused by effectiveness of other processes it connects with. Usually, the relations between processes is neglected OEE measure which focuses on individual processes. On the other hand, despite of the hike in waiting time for the bottleneck scenario as shown in Table 6 , the performance ratio in Table 7 remains the same in both scenarios. This is because the waiting time spent by entity in each process is not quantified by any factor of OEE. Table 7 : The availability ratio and performance ratio of actual and bottleneck scenario. Table 6 : System response and waiting time of entity when capacity of one process in production system has reduced.
Conclusion
As a conclusion, full utilization of equipment is not the only emphasis and solution for Lean manufacturing. This is against the pursuit of Overall Equipment Effectiveness (OEE) which neglects the customer demand. In fact, better knowledge about demand and production planning could yield higher effectiveness with minimal resources utilized. Without the consideration of customer demand, full utilization of equipment could lead to overproduction issue and poor delivery performance of material due to lengthy waiting time. These are invisible under OEE because availability ratio posts improvement whereas performance ratio remains unchanged even though the lengthy waiting time of entity and overproduction are getting severe.
Besides that, higher equipment utilization in some cases should be avoided since tighter capacity in a particular process will only lead to delay propagation in its following processes. This has been sighted in the bottleneck scenario where reduction of equipment in Process B leads to lengthy waiting time and lower availability in Process C, D, and E. The aforementioned delay propagation occurs when the output drops drastically in customer processes and consequently its availability or equipment utilization. This is due to the relations between processes. However, this is not visible and quantified by Overall Equipment Effectiveness either because it focuses on the effectiveness of single equipment or process only. In short, OEE could lead to misinterpretation if it is implemented without the support of other performance measures like the amount of output, waiting time per entity and lead time.
